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osting by EAbstract Lentil (Lens culinarisMedik.) is a major winter-sown legume crop grown in the Mediter-
ranean region, and has considerable importance as food and fodder. The SDS–PAGE and ISSR-
PCR techniques were used to detect some biochemical and molecular markers associated with
drought tolerance in six local and exotic genotypes of lentil (Sinai 1, Giza 9, L 9, L 16, L 20 and
L 25) under rainfed conditions at El-sheikh Zowaid, North Sinai. Sinai 1 and L 25 gave the highest
level of yielding capacity and could be considered as drought tolerant genotypes, while L 20 and L 9
as moderately sensitive ones. Seed proteins gave low levels of genetic diversity. Five ISSR primers
were used and six bands considered as molecular markers for drought tolerant genotypes.
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Lentil (Lens culinaris Medik.) is considered one of the oldest
grain legumes and was domesticated in the Fertile Crescent
around 7000–9000 years ago (Zohary and Hopf, 2000; Ladi-
zinsky, 1997). It is an annual, diploid (2n = 2x = 14) and
autogamous species (Sharma et al., 1995) that has the abilityoo.com (A.A.A. Omran).
ture, Ain Shams University.
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Open access under CC BY-NC-NDto ﬁx symbiotically with certain bacteria atmospheric nitrogen
and thus contributes greatly to soil fertility (Anjam et al.,
2005). Lentil is an important economic winter legume crop
grown in the Mediterranean region but is also cultivated
worldwide as human food (Sarker and Erskine, 2006). The
seeds contain a considerable proportion of proteins and other
important nutrient elements.
Drought stress is one of the most important environmental
stresses affecting agricultural productivity worldwide and can
result in considerable yield reductions (Anjam et al., 2005). In
most countries of the world, cultivation of leguminous plants
such as pea, bean, vetch and lentil crops and gaining lines with
maximum operation in shortage of water situation is an impor-
tant problem (Soltani et al., 2001). In this regard selection of
lentil genotypes that can tolerate drought by means of a suit-
able index has been a subject of interest for breeders for some
decades (Mostafaei, 1999; Shahzad and Roghayyeh, 2011).
Breeding of plants to allow growth and yield under unfavorable
conditions is an important role to solve the problems of envi-
ronmental stresses in breeding programs.
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greatly facilitated by the availability of a number of biochemical
and molecular marker system, but no single method is adequate
for assessing genetic variations. Using different methods sample
variations can be detected as well as the quality of information
content (Sultana and Ghafoor, 2008). Protein electrophoretic
markers have been used in many crops to some extent. The
major limitation of this procedure is the lack of enough poly-
morphism among closely related cultivars. For this reason,
DNA-based genetic markers have been recently integrated into
several plant systems and are playing a very important role in
molecular genetics and plant breeding (Beckmann and Soller,
1993). Traditional methods of plant breeding have made a sig-
niﬁcant contribution to crop improvement but they proved to
be slow in targeting complex trait like grain yield, grain quality,
and drought or salinity tolerance. To meet the great need to in-
crease food production necessitates by increasing population
growth, biotechnology offers novel and powerful tools to assist
and complement the breeding efforts (Abdel-Tawab et al.,
2003b).
Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS–PAGE) of seed proteins is a practical biochemical tech-
nique and reliable method to detect the biochemical markers of
lentil especially for the cultivars levels due to the independence
of environmental ﬂuctuation (Murphy et al., 1990; Yu¨z-
basiog˘lu et al., 2008). Also SDS–PAGE of seed storage pro-
teins provides a powerful, relatively convenient and rapid
method of identiﬁcation and classiﬁcation of gene bank collec-
tion (Cooke, 1984; Przbylska, 1986; Pedalino et al., 1992), that
is used to distinguish between genotypes (Ismet and Fikret,
2011). Therefore, the choice of the technique depends on the
objective of the study, sensitivity level of the marker system,
ﬁnancial constraints, skills and facilities available (Yoseph
et al., 2005).
Among the different molecular marker approaches em-
ployed in ﬁngerprinting, the inter simple sequence repeat
(ISSR) technique is a quick, reliable and highly informative
technique (Reddy et al., 2002). Inter simple sequence repeat
(ISSR) marker, in addition to its suitability to genetic diversity
study, is highly polymorphic, reproducible, cost effective, and
requires no prior information of the sequence (Bornet et al.,
2002). These facts suggest that ISSR could be an unbiased tool
to evaluate the changes of diversity in agronomically impor-
tant crops (Brantestam et al., 2004). This method was already
used in a wide range of crops such as common bean (Marotti
et al., 2007), and lentil (Fikiru et al., 2007).
Molecular markers are widely used in plants research to
understand the genetic basis of polygenic traits. Molecular
markers are applied in breeding programs, where marker as-
sisted selection (MAS) can replace or complement the conven-
tional phenotypic selection. Marker assisted selection is
especially powerful for complex traits with low heritabilities
(Lande andThompson, 1990;Knapp, 1998).MAS is also a valu-
able tool in breeding for stress tolerance (Abdel-Tawab et al.,
2003a). To efﬁciently applyMAS, a few practical considerations
concerning the limitation of its utility should be given proper
attention. First, the marker loci and the trait loci should be
tightly linked, which requires mapping studies with high density
linkage maps (Lande and Thompson, 1990). With the introduc-
tion of multiplex PCR marker system such as AFLP (Vos et al.,
1995) the construction of dense linkage maps has proven to be
successful in almost all important agricultural crops such aspotato, wheat, barley, rice, maize, lentil and soybeans, etc. (Lin
et al., 1996; Castiglioni et al., 1999). Secondly, the association
between marker alleles and trait genes should not only occur
in a single experimental full sib population, but in a wider range
of cultivated germplasm. This extrapolation will rely on linkage
disequilibria, which are continuously eroded by recombination.
Therefore, MAS is optimally suited for the development of new
varieties, especially in plants, where breeders routinely cross dif-
ferent pre-existing elite varieties to start a new cycle of selection
(Lande and Thompson, 1990).
Thus, this study aimed at the detection of some biochemical
andmolecular markers in six local and exotic genotypes of lentil
under rainfed conditionsusingmarker-assisted selection (MAS).Materials and methods
Six lentil genotypes including four introduced from Interna-
tional Center for Agriculture Research inDryArea (ICARDA),
Alepo, Syria and two varieties fromAgricultural Research Cen-
ter (ARC), Giza, Egypt were used as shown in Table 1.
These genotypes were grown under rainfed conditions with
one supplemental irrigation at sowing date (26/11/2008) in the
station of Desert Research Center at El-Sheikh Zowaid area –
North Sinai. The total rainfall amount was 116.60 mm during
the growing season (2008/2009) as illustrated in Table 2. The
soils of the experimental site are non-saline, siliceous with loa-
my sand texture as shown in Table 3. These data have been re-
corded by the station during the growing season.
The experiment was laid out in a randomized complete
blocks design with three replicates and the plot size was 3 m2
(1 · 3 m). At harvest, plant height (cm), number of primary
branches/plant, number of pods/plant, number of seeds/pod,
number of seeds/plant, 100-seeds weight (g) and seed yield/
plant (g) were determined. Duncan’s multiple range test (Dun-
can, 1955) was used to verify the signiﬁcance of mean perfor-
mances for all traits recorded. From the different genotypes
the one showing the highest seed yield/plant is considered as
the best genotype to which other genotypes are compared.
For protein electrophoretic analysis, the method for discon-
tinuous SDS–PAGE techniques was based on that of Laemmli
(1970). For the determination of the molecular weight a mix-
ture of the marker proteins is used. The banding proﬁle in
gel was photographed. The number of bands for each sample
was scored. The analysis percentage of the bands was carried
out using BIO-RAD video densitometer. The gel was photo-
graphed and analyzed using BIO-RAD video documentation
system, Model Gel Doc, 2000.
For the molecular analysis, ﬁve primers for PCR-based tech-
nique ISSR were used; the sequences of these primers are given
in Table 4. DNA extraction was performed using protocol of
Dellaporta et al. (1983). ISSR analysis was carried out in a total
reaction of 50 ll containing 0.2 mM (dNTPs), 1.5 mM MgCl2,
5.0 ll 10· buffer, 0.2 ll primer (50 mol), 3.0 ll template DNA
(50 lg/ll), 0.3 ll TaqDNA polymerase (5 U/ll), in sterile water
up to 50 ll. PCR ampliﬁcationwas programed to fulﬁll 40 cycles
after an initial denaturation cycle for 4 min at 94 C. Each cycle
consisted of a denaturation step at 94 C for 1 min, an annealing
step at 47 C for 1 min and an elongation step at 72 C for 2 min.
The primer extension segments were done for 7 min at 72 C in
the ﬁnal cycle. The ISSR-products were analyzed using 1.2%
Table 2 Maximum and minimum values of temperature, relative humidity, wind speed and total rain in the growing season (2008/
2009) of the studied genotypes.
Month Year Temperature (C) Relative humidity (%) Wind speed (km/day) Total rain amount (mm/month)
Max. Min. Average Max. Min. Average
Nov. 2008 23.55 12.71 18.13 82.49 43.76 63.13 318.82 7.58
Dec. 20.61 11.02 15.82 90.00 55.18 72.59 374.91 12.30
Jan. 23.50 10.00 16.80 93.50 61.60 77.60 406.08 40.22
Feb. 2009 19.20 10.20 14.70 99.00 54.40 76.70 475.20 38.50
Mar. 22.60 11.00 16.80 97.50 58.80 78.20 414.48 10.50
Apr. 24.80 12.70 18.80 96.10 57.00 76.60 414.72 7.50
Note: The main direction of wind was South West to North West.
Table 3 Physical and chemical properties of the soil at the experimental site in El-Sheikh Zowaid area, North Sinai.
Soil depth (cm) Organic matter (%) pH Particle size distribution (%) Soil textures
Sand Silt Clay
0–30 0.19 7.88 83.1 10.7 6 Loamy sand
30–60 0.07 8.2 81.8 12 6
Table 4 The nucleotide sequences of the ﬁve primers used for ISSR-PCR proﬁling.
No. Primer No. of nucleotides Sequence
1 HB09 14 50GTGTGTGTGTGTGG30
2 HB10 14 50GAGAGAGAGAGACC30
3 HB11 14 50GTGTGTGTGTGTCC30
4 HB12 11 50CACCACCACGC30
5 HB13 11 50GAGGAGGAGGC30
Table 1 Entry name, accession No., pedigree and origin of the six lentil genotypes.
Genotype Entry name Accession No. (ILL) Pedigree Origin
Sinai 1a Local check variety (Agricultural Research Center) Egypt
Giza 9 Local check variety (Agricultural Research Center) Egypt
L 9 FLIP 89-53L 6811 ILL2578 · ILL5588 ICARDA
L 16 FLIP 97-15L 8077 ILL5700 · ILL6239 ICARDA
L 20 FLIP 2003-49L 9938 ILL590 · ILL7723 ICARDA
L 25 FLIP 2004-58L 10011 ILL7723 · ILL7554 ICARDA
ICARDA: International Center for Agriculture Research in Dry Areas.
a Newly released Egyptian variety developed by pure line selection from the Argentinean variety Precoz (Hamdi et al., 2002).
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ethidium bromide. The run was performed for 1 h at 120 volt
in Biometra submarine (40 · 20 cm). Bands were detected on
UV-transilluminator and photographed by Biometra Bio Doc
Analyze 2005. The sizes of the fragment were estimated based
on a DNA ladder of a 100–2000 bp.
The SDS–PAGE and ISSR-PCR bands were visually
scored as present (1) or absent (0). Only the clearest and
strongest bands were recorded and used for the analysis. For
constructing a phenogram dealing with genetic relationships
among genotypes tested, the data generated from SDS–PAGE
and ISSR-PCR were introduced according to binary values
(1,0). The output results involved both different unweightedpair-group methods for arithmetic mean of analysis
(UPGMA) by using Jaccard’s coefﬁcient and phenogram was
constructed according to Rohlf (2008).
Results and discussion
Signiﬁcant differences among the tested six lentil genotypeswere
detected for all the studied characters as observed in Table 5.
Atta et al. (2008) revealed that phenotypic variance was larger
as compared to genotypic variance for all the traits of 32 chick-
pea genotypes indicating the inﬂuence of environmental effect.
Also, Sharaan et al. (2003), El-Saied andAﬁah (2004) and Salehi
Table 5 Mean performance of yield and its attributes for six lentil genotypes under rainfed conditions (2008/2009).
Genotypes Plant height
(cm)
No. of
primary
branches/plant
No. of
pods/plant
No. of
seeds/pod
No. of
seeds/plant
Seed index
(weight of
100 seeds in g)
Seed
yield/plant
(g)
% of decrease
from the best
genotype
Sinai 1 32.25a 2.70a 40.50a 1.19bc 46.80a 4.38ab 2.02a –
Giza 9 30.86ab 2.20a 21.3b 1.42b 29.4b 4.42ab 1.30b 35.64
L 9 27.21b 2.00a 11.5d 1.75a 19.80c 2.35d 0.44c 78.22
L 16 33.31a 2.20a 21.00b 0.88bc 18.90c 4.85a 1.34b 33.66
L 20 27.86b 2.00a 16.00c 0.62c 9.60d 4.12b 0.36c 82.18
L 25 27.78b 2.60a 24.5b 1.81a 44.46a 3.41c 1.53b 24.26
Mean 29.88 2.28 22.47 1.28 28.16 3.92 1.17
r 0.609 0.966* 0.963* 0.527 0.960* 0.440 –
Values followed by the same letter(s) are not signiﬁcantly different according to Duncan’s multiple range test at P 6 0.05 level.
r: Simple correlation coefﬁcient between each of yield attributes and seed yield/plant in g.
* Denote signiﬁcant at P 6 0.01 level.
Fig. 1 Polyacrylamide gel illustrating seed protein bands of the
studied six lentil genotypes using SDS–PAGE technique.
M=Marker; kDa = kilo Dalton; = Unique band.
108 A.I. El-Nahas et al.(2005) indicated the existence of variation for drought response
among different lentil genotypes. They reported that seed yield/
plant displayed signiﬁcant differences among all genotypes
tested. In the present study, the two genotypes Sinai 1 and L
25 signiﬁcantly exceeded all other genotypes concerning seed
yield/plant, and number of pods/plant (Table 5). On the other
hand, genotype L 9 and L 20 recorded the lowest quantity with
regard to the previous characters. While two genotypes Giza 9
and L 16 were intermediate between the two extremes. There-
fore, it could be concluded that the genotypes Sinai 1 and L 25
are the most preferable ones, among all the studied lentil geno-
types, that they were adaptable for the prevailing condition of
experimental site and gave the highest level of yielding capacity.
These could be considered as drought tolerant genotypes, while
L 9 andL 20 asmoderately sensitive ones. This was in agreement
with Esmail et al. (1994). Weights of 100 seeds, seeds/plant and
pods/plant were considered by Khattab (1995), as selection cri-
teria in lentil improvement since these traits proved to be highly
correlated with yield. Also, the traits of pod number per plant,
seed yield per plant, biomass yield and harvest index were con-
sidered as important characters under drought stress conditions
(Salehi et al., 2008).
Seed proteins have been successfully used to study the var-
iation of seed storage protein in lentil (Sultana et al., 2006;
Yu¨zbasiog˘lu et al., 2008). Data concerning SDS–protein pro-
ﬁle of lentil seed samples is given in Fig. 1. Twenty-nine bands
were recorded in seed protein patterns with 28% polymor-
phism (Table 6). The bands were detected at approximately
molecular mass ranging between 79.6 and 15.7 kDa. The re-
sulted proﬁle comprises 21 monomorphic bands and eight
polymorphic ones. Two unique bands were scored, one of
them in the moderately sensitive genotype L 9 and the other
in the tolerant genotype L 25 at molecular masses of 47.9
and 24.7 kDa, respectively. Occasionally, variation was also
observed in density or sharpness of a few bands, but this var-
iation was not taken into consideration. This ﬁnding is similar
to that of Sultana and Ghafoor (2008) who recorded 55 pro-
tein bands in lentil ranging from the molecular mass of 14–
66 kDa. Out of them, 13 bands were polymorphic in nature.
However, the same authors concluded that SDS–PAGE alone
did not exhibit high level of intra-speciﬁc variation.
Five oligonucleotide primers were used to establish ISSR-
PCR ﬁngerprints of six lentil genotypes. Both the number andsize of the ampliﬁed products varied considerably with the
different primers of the lentil genotypes. Data of ISSR-PCR
are given in Figs. 2 and 3. Table 7 illustrates that, a maximum
of 10, 15, 14, 12 and 14 bands were scored in the ISSR proﬁles
generated by the primers HB09, HB10, HB11, HB12 and
HB13, respectively. The highest percentage of polymorphism
(71%) was detected with the primer HB11, while the lowest
one (20%) was recorded in the primer HB10. Thirty polymor-
phic bandswere generated by these primerswith amean percent-
age of polymorphism of 46%, and a total of 13 unique bands
were identiﬁed out of them, and could be considered as marker
assisted selection.
Three unique bands were detected with the primer HB09;
two of them were scored in the tolerant genotype L 25 and
Table 6 Number and type of the bands produced by SDS–PAGE of seed protein as well as the percentage of the polymorphism
detected in the six lentil genotypes.
Monomorphic bands Polymorphic
bands
Total
bands
Polymorphism (%)
Shared
bands
Unique
bands
21 6 2 29 28
Fig. 2 Agarose gel patterns of PCR products ampliﬁed with the primers HB09, HB10 and HB11. M=Marker; = Unique band;
=Molecular markers for tolerant genotypes.
HB-13 
HB-12 
M    Sinai 1   Giza 9    L 9    L 16    L 20     L 
M    Sinai 1   Giza 9    L 9    L 16    L 20     L 
Fig. 3 Agarose gel patterns of PCR products ampliﬁed with the primers HB12, HB13 and diagrams representing these patterns.
M=Marker; = Unique band; =Molecular markers for tolerant genotypes.
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Table 7 Number and types of the ampliﬁed DNA bands as well as the percentage of the total polymorphism generated by the primers
HB09, HB10, HB11, HB12 and HB13 in the six lentil genotypes.
Primer code Monomorphic bands Polymorphic bands Total bands Polymorphism (%)
Shared bands Unique bands
HB09 4 3 3 10 60
HB10 12 3 0 15 20
HB11 4 5 5 14 71
HB12 9 1 2 12 25
HB13 6 5 3 14 57
Total 35 17 13 65 46
Fig. 4 UPGMA – phenogram based on pooled data obtained from seed SDS–PAGE and ISSR proﬁles of the six lentil genotype.
110 A.I. El-Nahas et al.the third in the moderately tolerant genotype L 16. These
bands could be used as markers for both genotypes at molec-
ular sizes of 621, 388 and 368 bp, respectively. The primer
HB10 proﬁle detected three polymorphic bands only at molec-
ular sizes of 255, 233 and 211 bp. Although, no unique bands
were observed, it could be concluded that, the two bands with
255 and 233 bp considered as molecular markers for the toler-
ant genotypes Sinai 1 and L 25, respectively. Five unique
bands were detected in the primer HB11, one of them could
be used as positive marker and recorded only in the tolerant
genotype L 25 at molecular size of 173 bp. While three of them
were considered as markers for the moderately sensitive geno-
type L 20 with molecular sizes of 1034, 838 and 123 bp. The
remaining unique band was recorded in the moderately toler-
ant genotype L 16 at molecular size of 530 bp, which could
be used as a marker for this genotype. Moreover, in primer
HB12, two unique bands were recorded at molecular sizes of
659 and 282 bp in the moderately sensitive genotype L 20
which could be considered as markers for this genotype. On
the other hand, primer HB13 gave three unique bands. One
of them is characteristic for the tolerant genotype Sinai 1 at
molecular size of 244 bp, while the other two bands were ex-
isted in the moderately sensitive genotype L 9 at molecular size
of 738 and 403 bp. In addition to the previous bands, there is
one polymorphic band at molecular size of 427 bp observed inthe moderately sensitive genotypes L 9 and L 20 which is con-
sidered as a molecular marker for these genotypes. It can be
concluded that a relatively high number of polymorphic bands
were found and could be used as markers. This concept has
been advocated by several investigators who stated that molec-
ular markers have several advantages over the traditional phe-
notypic markers that were previously available to plant
geneticists. They offer great scope for improving the efﬁciency
of conventional plant breeding by carrying out selection not
directly on the trait of interest but on molecular marker linked
to that trait (Aﬁah et al., 2007; Zaki, 2010; Torres et al., 2010).
This is in agreement with Toklu et al. (2009) who used RAPD
and ISSR markers to assess the genetic variation of a collec-
tion of 22 Lens accessions. They recorded high number of
polymorphic markers in the whole collection, although the de-
gree of variation within the cultivated materials was lower.
Moreover, ISSR markers produced more bands and useful
polymorphisms than RAPD markers.
The UPGMA phenogram showing clustering of the studied
six lentil genotypes based on the data obtained from SDS–
PAGE and ISSR proﬁles (Fig. 4). It revealed that; at the level
of 0.775; two major clusters (A and B) are separated. The ﬁrst
cluster (A) comprises the moderately sensitive genotype L 20
that is distinguished as a separate phenetic line. The second
cluster (B) splist into two groups at the level of 0.785. The ﬁrst
Molecular and biochemical markers in some lentil (Lens culinaris Medik.) genotypes 111group comprises three genotypes, at the level of 0.823 the mod-
erately sensitive genotype L 9 which grouped with the moder-
ately tolerant genotypes L 16 and Giza 9 that are grouped
together at the level of 0.877.
The second group comprises the tolerant genotypes L 25
and Sinai 1 that are grouped together at the level of 0.800. It
is obvious that, the results obtained from this phenogram are
in agreement with that of the seed yield/plant in Table 5.
In conclusion, although all of the techniques facilitate to re-
solve issues related to genetic diversity in lentil, seed proteins
gave low levels of genetic diversity. Also, the results of this
investigation provided some ISSR molecular markers associ-
ated with lentil genotypes productivity. They could be used
to enhance breeding programs aimed to improve its drought
tolerance by pyramiding genes controlling this polygenic char-
acter by the aid of marker-assisted selection. At least, the ISSR
developed from this study can consequently be used in any fur-
ther study to identify stress-tolerant genotypes in lentil or any
other ﬁeld crop.
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